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A CERIC-ION SLURRY FOR USE IN CHEMICAL-MECHANICAL 

POLISHING 



BACKGROUND OF THE INVENTION 

1) . Field of the Invention 

The present invention relates to a slurry for use in chemical-mechanical 
polishing of a metal film on a semiconductor substrate. 

2) . Discussion of Related Art 

The manufacture of integrated circuits involves the fabrication of multiple 
electronic devices such as transistors, diodes and capacitors in and on a silicon or 
other semiconductor wafer, and then interconnecting the devices with metal 
lines, plugs and vias. 

During the manufacture of an integrated circuit, a number of layers of 
different materials are alternately deposited on one another and then partially 
removed. For example, during the formation of metal lines, a metal layer may be 
blanket deposited over the entire wafer so that metal of the metal layer covers 
higher areas on the wafer and fills trenches between the higher areas. The metal 
layer is then partially removed so that the higher areas are exposed and metal 
lines are left behind in the trenches. 

One technique for removal of layers on a wafer is known in the art as 
"chemical-mechanical polishing". In a chemical-mechanical polishing operation, 
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a chemical-mechanical polishing slurry is applied over the metal layer which 
serves both a chemical and a mechanical function. 

Chemically, a slurry of the above kind usually includes an oxidizer which 
oxidizes the metal layer by removal of electrons therefrom. An easily removable 
oxidized film is so formed by an upper portion of the metal film. 

Mechanically, a slurry of the above kind also includes an abrasive such as 
silica (Si0 2 ) or ceria (CeO^. The purpose of the abrasive is to abrade the oxidized 
film when a polishing pad is pressed against and moved over the film, and so 
remove the film. 

Once the oxidized film is removed, the metal is again oxidized to form 
another oxidized film which is again removed utilizing the abrasive. The process 
is continued until the metal layer is removed to a required depth. 

Slurries containing oxidizers may be unstable due to breakdown of the 
oxidizer over time resulting in unstable polish processes or production of toxic 
components. Replenishing and stabilizing these oxidizers are an added expense 
to be avoided. In addition, the spent slurry may have disposal issues and slurry 
oxidant requiring no waste treatment is desirable. 

Another problem associated with the use of common chemical-mechanical 
polishing slurries is that they usually have pH values which are very low. 
Slurries having pH values which are very low are corrosive and may be the 
cause of damage to polishing equipment used in a chemical-mechanical 
polishing operation. 

A further problem with conventional chemical-mechanical polishing 
slurries is that they cause "erosion", "dishing" and "recess" during polishing . 
Erosion is the preferential loss of a layer due to high metal pattern density, and 
dishing is the topography developed in a wide metal line due to the metal being 
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preferentially polished in the middle of the line with respect to the edge of the 
line. Recess, is the uniform loss of metal within a structure due to chemical 
activity and is typically dominant in narrow metal lines. Erosion, dishing and 
recess are undesirable as a planar surface is usually required. 
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SUMMARY OF THE INVENTION 



The invention provides a chemical-mechanical polishing slurry 
comprising a liquid, cerium ions as an oxidizer, an abrasive, and a pH increasing 
substance. The cerium ions are in the liquid in a quantity equal to the inclusion 
of at least 0.02 molar ammonium cerium nitrate in the liquid. The abrasive is 
also included in the liquid. The liquid, the cerium ions and the abrasive jointly 
have a first pH value. The pH increasing substance increases the first pH value 
to a second pH value above 1.5. 



Patent Application 



5 



042390.P6147 



BRIEF DESCRIPTION OF THE DRAWINGS 



The invention is further described by way of example with reference to 
the accompanying drawings wherein: 

Figure la is a side view illustrating a first layer, a barrier layer, and a 
metal layer which are formed on a substrate; 

Figure lb is a view similar to Figure la illustrating oxidation of a portion 
of the metal layer by a slurry; 

Figure lc is a view similar to Figure lb illustrating removal of the 
oxidized portion with a polishing pad; and 

Figure Id is a view similar to Figure lc illustrating how the barrier layer 
also acts as a polish stop layer. 
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DETAILED DESCRIPTION OF THE INVENTION 



A chemical-mechanical polishing slurry, a method of preparing a 
chemical-mechanical polishing slurry, and a method of forming a metal line are 
described. In the following description, for purposes of explanation, numerous 
specific details are set forth in order to provide a thorough understanding of the 
present invention. It will be evident, however, to one skilled in the art, that the 
present invention may be practiced without these specific details. 

The invention provides a chemical-mechanical polishing slurry, 
comprising cerium ions as an oxidizer, and, in addition to the oxidizer, an 
abrasive. The slurry is environmentally green in the sense that it does not 
require waste treatment when depleted. Because the slurry contains very little 
cyanide, expensive recirculation or destruction processes for depleted cyanide 
containing slurries are avoided. 

The slurry has also been found to be selective to barrier materials such as 
tantalum, tantalum nitride, titanium, or titanium nitride, which makes such a 
material a good choice for a polish stop. 

Cerium ions may be provided by adding and mixing a complex double 
salt such as ammonium cerium nitrate [(NH 4 ) 2 Ce(N0 3 )J together with the 
abrasive in deionized liquid water. The ammonium cerium nitrate dissolves in 
the water to provide Ce 4 ions in solution in the water. The slurry preferably 
includes cerium ions in quantity equal to the use of 0.01 molar to 0.1 molar of 
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ammonium cerium nitrate. Other sources of cerium ions may alternatively be 
used, such as a simple salt like cerium tetrasulfate [Ce(S0 4 ) 2 »2H 2 S0 4 ] or a double 
salt like ammonium cerium sulfate [(NH 4 ) 4 Ce(S0 4 ) 4 ^2 Hp]. 

The slurry may be applied over a copper or other metal layer which is 
formed on a semiconductor substrate such as a silicon wafer. Cerium ions of the 
slurry may oxidize (remove electrons from) copper of the copper layer according 
to one of the following formulas: 

2Ce +4 + Cu -» Cu +2 + 2Ce +3 
Ce 44 + Cu -> Cu +1 + Ce +3 

The copper ions (Cu +2 or Cu +1 ) may then react with the water within the 
slurry to form a copper oxide film such as Cup or CuO which, with the 
assistance of the abrasive is easily removable from the remainder of the copper 
layer during polishing. 

The abrasive in the slurry may be silica (SiOJ, ceria (CeO,), alumina 
(MO?) or any other suitable abrasive. The slurry may include between 1 percent 
and 30 percent of the abrasive by weight, more preferably between 1 percent and 
5 percent of the abrasive by weight. 

In all the examples that follow, a slurry is applied to a copper layer on an 
8 inch diameter wafer at a rate of 200 milliliter per minute, the wafer and a 
polishing pad are rotated relative to one another at 280 revolutions per minute, 
and a pressure of about 4 pounds per square inch is applied between the wafer 
and the polish pad. 
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Example 1 



In one example a slurry was used which, in addition to deionize water, 
consisted of 0.05 molar ammonium cerium nitrate and 2.5 percent silicate by 
weight The slurry has a pH value of 0.90. A polish rate of 5612 angstroms per 
minute (A/min) was obtained. Polish uniformity across the wafer had a 1 a 
variance of 8.3 percent. 

In general, in the absence of a pH increasing substance, the slurry would 
have a pH below L5 if at least 0.02 molar ammonium cerium nitrate is used. To 
prevent damage to polishing equipment, the slurry preferably has a pH value of 
at least 1.5 and more preferably at least 2. The slurry may include a substance 
which increases its pH value. An amino acid such as glycine (NH 2 - CH 2 -COOH) 
may be used to increase the pH value of the slurry. Glycine also acts as a copper 
complexor, i.e. it is a complexing agent which "grabs" onto oxidized copper 
thereby increasing copper ion solubility and so assists removal of the oxidized 
copper. The complexing is proposed to be similar to complexing by ammonia 
(NH 3 ) that occurs at a high pH such as described in the references of J.M. 
Steigerwald, et al, "Chemical Mechanical Planarization of Microelectronic 
Materials" by John Wiley & Sons, Inc., and of V. Brusic, et al, "Electrochemical 
Approach to Au and Cu CMP Process Development" by the Electrochemical 
Society Proceeding Vol 96-22 and 176-185. Other substances which may be used 
to increase a pH value of the slurry include potassium hydroxide (KOH) and 
ammonium hydroxide (NH 4 OH). 
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Example 2 



In another example a slurry was used comprising 0.05 molar ammonium 
cerium nitrate, 2.5 percent silica by weight, and 1 percent glycine by weight. The 
slurry has a pH value of 1.65. A polish rate of 4770 A/min was obtained. Polish 
uniformity had a 1 a variance of 8.3 percent. 

Example 3 

In another example a slurry was used comprising 0.05 molar ammonium 
cerium nitrate, 2.5 percent silica by weight, and 2 percent glycine by weight. The 
slurry has a pH value of 2.26. A polish rate of 4784 A/min was obtained. Polish 
uniformity had a 1 a variance of 6.6 percent. 

Example 4 

In another example a slurry was used comprising 0.05 molar ammonium 
cerium nitrate, 2.5 percent silica by weight, and 3 percent glycine by weight. The 
slurry has a pH value of 2.43. A polish rate of 5653 A/min was obtained. Polish 
uniformity had a 1 a variance of 4.3 percent. 

Example 5 

In another example a slurry was used comprising 0.025 molar ammonium 
cerium nitrate, 1.25 percent silica by weight, and 2 percent glycine by weight. 
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The slurry has a pH value of 3.2. A polish rate of 2794 A/min was obtained. 
Polish uniformity had a 1 a variance of 5.0 percent. 

It can be seen by comparing Example 5 with Examples 2 to 4 that, 
although a reduction in cerium ion concentration substantially increases the pH 
value of the slurry, polish rate also decreases substantially. It is therefore 
preferred that the slurry comprises cerium ions equal to at least 0.05 molar 
ammonium cerium nitrate, while still having a sufficient amount of glycine, or 
another pH increasing substance, so that the slurry has a pH value of at least 2. 

When certain metal layers, such as nickel, chromium, tungsten or 
aluminum metal layers, are oxidized, a thin oxide film forms on the metal layer 
which passivates the remainder of the metal layer, i.e. the oxide film prevents 
further oxidation of deeper laying metal of the metal layer. The oxide film is 
easier to remove than the remainder of the metal layer so that only the oxide film 
is removed during polishing with the remainder of the metal layer resisting 
removal and thus forming a "polish stop". Copper, however, does not form a 
stable, non-porous passivating oxide layer, i.e. copper continues to oxidize until 
an oxidizing agent to which the copper is exposed is removed, and does 
therefore not form a polish stop. 

It is believed that the fact that copper does not form a stable, passivating 
oxide, and a polish stop, is the cause of more local polish non-uniformity, or 
more dishing, when a copper layer is planarized in a chemical-mechanical 
polishing operation, than would be the case when a layer of another metal, 
which does form a passivating layer, is planarized. 

An anti-oxidizing agent or corrosion inhibitor may be included in the 
slurry to control, or at least reduce, oxidation of a metal such as copper, with 
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corresponding less variation in polish uniformity or less dishing. One anti- 
oxidizing agent which may be used is benzotriazole (BTA, chemical formula: 
C 6 H 5 N 2 ) 

Details of how BTA acts as an anti-oxidizing agent are described in the 
reference of R. Walker "Benzotriazole as a Corrosion Inhibitor for Antiques", 
Journal of Chemical Education, volume 57, 1980, pp. 789-791. 

Example 6 

Table 1 includes test results for a slurry containing 2.5 percent silicate by 
weight, 3 percent glycine by weight, 0.05 molar ammonium cerium nitrate, and 
BTA in varying quantities. 

Table 1: Test results for varying amounts of BTA 



BTA (molar) 


PH 


Polish Rate (A/min) 


1 G variance in Polish 
Uniformity (percent) 


0.00100 


2.43 


5653 


8.3 


0.00200 


2.78 


5884 


3.3 


0.00268 


2.81 


5790 


2.7 


0.00300 


2.82 


6158 


3.4 


0.00400 


2.88 


6594 


4.0 


0.00500 


2.82 


5801 


10.5 


0.00514 


2.78 


347 


6.8 


0.00600 


2.88 


86 


150 



It can be seen from Table 1 that 1 a variance in polish uniformity is 
between 2.7 percent and 4.0 percent for BTA concentrations of between 0.00200 
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molar and 0.00400 molar. The 1 a variance in polish uniformity increases 
significantly for BTA concentrations above 0.00400 molar. Polish rate also 
decreases significantly for BTA concentrations above 0.00400 molar. The slurry 
therefore preferably includes between 0.00200 molar and 0.00500 molar BTA in 
order to keep polish rate to at least 1000 A/min, and more preferably includes 
between 0.00200 molar and 0.00500 molar BTA in order to obtain acceptable 
polish uniformity. 

Although the aforegoing description is primarily directed towards a 
slurry and a method of preparing a slurry, it should be understood, from the 
aforegoing description, that the invention also extends to a method of forming 
metal lines. The method of forming metal lines is now further described with 
reference to Figures la to Id. 

Figure la shows a structure which is formed over a semiconductor 
substrate. A first layer 110, typically an interlayer dielectric layer, is formed over 
the substrate. An opening 112 is formed in the first layer 110. 
A barrier layer 114 is deposited onto the first layer 110 and on side walls and 
within a base of the opening 112. The barrier layer 110 is typically of tantalum, 
tantalum nitride, titanium/ titanium nitride and prevents outdiffusing of metal 
from a metal layer which is eventually formed in the opening 112. 

A metal layer 116 is then deposited over the barrier layer 114. The metal 
layer 116 fills the opening 112 completely and covers the barrier layer 114. The 
metal layer 116 may be deposited in a conventional plating or vapor deposition 
process. The metal layer is typically made of copper but may be made of another 
metal such as tungsten. 
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As shown in Figure lb, a slurry 118, of the aforedescribed kind, is then 
applied over the metal layer 116. The slurry comprises cerium ions in quantity 
sufficient to oxidize a portion 120 of the metal layer 116. 

When, as shown in Figure 1C, a polishing surface of a polishing pad 122 is 
contacted against and moved over the metal layer, the oxidized portion of the 
metal layer 116 is removed. The slurry comprises abrasive in quality sufficient to 
assist in removal of the oxidized portion 120. 

The process as shown in Figures la to lc is repeated until, as shown in 
Figure Id, the barrier layer 114 is exposed and a metal line 122 remains within 
the opening 112. The cerium ions in the slurry are selective in that only the 
material of the metal layer 116 is oxidized, and not the material of the barrier 
layer 114. The barrier layer 114 is thus used as a polish stop layer which 
prevents further removal of material 

Thus, a chemical-mechanical polishing slurry, a method of preparing a 
chemical-mechanical polishing slurry, and a method of forming a metal line are 
described. While certain exemplary examples and embodiments have been 
described, it is to be understood that such examples and embodiments are 
merely illustrative and not restrictive of the current invention, and that this 
invention is not restricted to the specific examples of embodiments described, 
since modifications may occur to those ordinarily skilled in the art. 
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CLAIMS 



What is claimed: 

1 1 . A chemical-mechanical polishing slurry comprising: 

2 a liquid; 

3 cerium ions as an oxidizer in the liquid, the cerium ions being in a quantity 

4 equal to the inclusion of at least 0.02 molar ammonium cerium nitrate in the 

5 liquid; 

6 an abrasive in the liquid, the liquid, the cerium ions and the abrasive 

*fi 7 together having a first pH value; and 

III 

jji 8 a pH increasing substance in the liquid that increases the first pH value to a 

9 second pH value above 1.5. 

HI 

;U 1 2 * Th e slurry of claim 1 comprising cerium ions in quantity equal to the 

2 inclusion of between 0.05 molar and 0.1 molar of ammonium cerium nitrate. 

\Q 1 3. The slurry of claim 1 comprising between 1 percent and 30 percent abrasive 

2 by weight. 

1 4. The slurry of claim 1 wherein the abrasive is silica. 

1 5. The slurry of claim 1 wherein the second pH value is at least between 2.5 

2 and 4. 

1 6. The slurry of claim 1 wherein the substance is glycine. 
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7. The slurry of claim 1 which is environmentally green. 

8. The slurry of claim 1 further comprising a complexing agent. 

9. The slurry of claim 8 wherein the complexing agent is glycine. 

10. The slurry of claim 1 further comprising an anti-oxidizing agent. 

11. The slurry of claim 10 wherein the anti-oxidant is BTA. 

12. The slurry of claim 11 comprising between 0.00200 molar and 0.00500 
molar BTA. 

13. The slurry of claim 1 comprising cerium ions in quantity equal to between 
0.02 molar and 0.1 molar ammonium cerium nitrate and BTA comprising 
between 0.00200 and 0.00500 molar BTA. 

14. The slurry of claim 13 wherein the second pH value is at least 2.5. 

15. A method of preparing a chemical-mechanical polishing slurry, 
comprising: 

adding together an abrasive and a complex cerium double salt as a source 
of cerium ions. 
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1 16. The method of claim 15, wherein the double salt is selected from the group 

2 consisting of ammonium cerium nitrate, and ammonium cerium sulfate. 

1 17. The method of claim 15 wherein the double salt is ammonium cerium 

2 nitrate. 

1 18. The method of claim 15 wherein the abrasive and the source of cerium ions, 

2 in solution, has a first pH value, the method further comprising adding a 

3 substance which increases the first pH value to a second pH value above 1.5. 

g 1 19. The method of claim 18 wherein the substance is glycine. 

^ 1 20. The method of claim 18 further comprising adding a complexing agent. 

]1 
~& 

^ 1 21. A method of forming a metal line, comprising: 

« 2 forming a first layer, with an opening therein, over a semiconductor 

y 3 substrate; 

13 

0 4 depositing a metal layer which fills the opening and covers the first layer; 

5 applying a chemical-mechanical polishing slurry onto the metal layer, the 

6 slurry comprising cerium ions as an oxidizer, and an abrasive; 

7 contacting a polishing surface against the metal layer; and 

8 moving the polishing surface over the metal layer. 

1 22. The method of claim 21 wherein the slurry comprises cerium ions in 

2 quantity sufficient to oxidize a portion of the metal layer, and the abrasive in 
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quantity sufficient to assist in removal of the oxidized portion when the 
polishing surface is moved over the metal layer. 

23. The method of claim 21 wherein the metal layer is of a metal selected from 
the group consisting of copper and tungsten. 

24. The method of claim 21 further comprising: 

depositing a barrier layer over the first layer and before depositing the 
metal layer, the cerium ions selectively oxidizing the material of the metal layer 
over the material of the barrier layer. 

25. The method of claim 21 wherein the metal layer is removed at a rate of at 
least 1000 angstroms per minute. 
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ABSTRACT OF THE DISCLOSURE 



The invention provides a chemical-mechanical polishing slurry 
comprising a liquid, cerium ions as an oxidizer, an abrasive, and a pH increasing 
substance. The cerium ions are in the liquid in a quantity equal to the inclusion 
of at least 0.02 molar ammonium cerium nitrate in the liquid. The abrasive is 
also included in the liquid. The liquid, the cerium ions and the abrasive jointly 
have a first pH value. The pH increasing substance increases the first pH value 
to a second pH value above 15. 
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Michael A. Bernadicou, Reg. No. 35,934; Roger W. Blakely, Jr., Reg. No. 25,831; Gregory D. 
Caldwell, Reg. No. 39,926; Kent M. Chen, Reg. No. 39,630; Lawrence M. Cho, Reg. No. 39,942; 
Yong S. Choi, Reg. No. P43,324; Thomas M. Coester, Reg. No. 39,637; Roland B. Cortes, Reg. No. 
39,152; Barbara Bokanov Courtney, Reg. No. 42,442; Michael Anthony DeSanctis, Reg. No. 
39,957; Daniel M. De Vos, Reg. No. 37,813; Robert Andrew Diehl, Reg. No. 40,992; Tarek N. 
Fahmi, Reg. No. 41,402; James Y. Go, Reg. No. 40,621; Richard Leon Gregory, Jr., Reg. No. 
42,607; Dinu Gruia, Reg. No. P42,996; David R. Halvorson, Reg. No. 33,395; Thomas A. 
Hassing, Reg. No. 36,159; Phuong-Quan Hoang, Reg. No. 41,839; Willmore F. Holbrow III, Reg. 
No. P41,845; George W Hoover II, Reg. No. 32,992; EricS. Hyman, Reg. No. 30,139; Dag H. 
Johansen, Reg. No. 36,172; William W. Kidd, Reg. No. 31,772; Michael J. Mallie, Reg. No. 
36,591; Andre L Marais, under 37 C.F.R. § 10.9(b); Paul A. Mendonsa, Reg. No. 42,879; 
Darren J. Milliken, Reg. 42,004; Thinh V. Nguyen, Reg. No. 42,034; Kimberley G. Nobles, Reg. 
No. 38,255; Michael A. Proksch, Reg. No. 43,021; Babak Redjaian, Reg. No. 42,096; James H. 
Salter, Reg. No. 35,668; William W. Schaal, Reg. No. 39,018; James C. Scheller, Reg. No. 
31,195; Anand Sethuraman, Reg. No. P43,351; Charles E. Shemwell, Reg. No. 40,171; Maria 
McCormack Sobrino, Reg. No. 31,639; Stanley W. Sokoloff, Reg. No. 25,128; Allan T. 
Sponseller, Reg. No. 38,318; Judith A. Szepesi, Reg. No. 39,393; Vincent P. Tassinari, Reg. No. 
42,179; Edwin H. Taylor, Reg. No. 25,129; George G. C. Tseng, Reg. No. 41,355; Lester J. 
Vincent, Reg. No. 31,460; John Patrick Ward, Reg. No. 40,216; Stephen Warhola, Reg. No. 
43,237; Charles T. J. Weigell, Reg. No. 43,398; Ben J. Yorks, Reg. No. 33,609; and Norman 
Zafman, Reg. No. 26,250; my attorneys, and James A. Henry, Reg. No. 41,064; Daniel E. 
Ovanezian, Reg. No. 41,236; Glenn E. Von Tersch, Reg. No. 41,364; and Chad R. Walsh, Reg. No. 
43,235; my patent agents, of BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP, with offices located 
at 12400 Wilshire Boulevard, 7th Floor, Los Angeles, California 90025, telephone (310) 
207-3800, and Alan K. Aldous, Reg. No. 31,905; Robert D. Anderson, Reg. No. 33,826; Joseph 
R. Bond, Reg. No. 36,458; Richard C. Calderwood, Reg. No. 35,468; Cynthia Thomas Faatz, Reg 
No. 39,973; Sean Fitzgerald, Reg. No. 32,027; Seth Z. Kalson, Reg. No. 40,670; David J. 
Kaplan, Reg. No. 41,105; Leo V. Novakoski, Reg. No. 37,198; Naomi Obinata, Reg. No. 39,320; 
Thomas C. Reynolds, Reg. No. 32,488; Steven P. Skabrat, Reg. No. 36,279; Howard A. Skaist, 
Reg. No. 36,008; Steven C. Stewart, Reg. No. 33,555; Raymond J. Werner, Reg. No. 34,752; 
and Charles K. Young, Reg. No. 39,435; my patent attorneys, and Jeffrey S. Draeger, Reg. No. 
41,000; Thomas Raleigh Lane, Reg. No. 42,781; Calvin E. Wells, Reg. No. P43,256; and 
Alexander Ulysses Witkowski, Reg. No. P43,280; my patent agents, of INTEL CORPORATION; and 
James R. Thein, Reg. No. 31,710, my patent attorney; with full power of substitution and 
revocation, to prosecute this application and to transact all business in the Patent and 
Trademark Office connected herewith. 



Send correspondence to Michael A. Bernadicou BLAKELY, SOKOLOFF, TAYLOR & 

(Name of Attorney or Agent) 
ZAFMAN LLP, 12400 Wilshire Boulevard, 7th Floor, Los Angeles, California 90025 and 
direct telephone calls to Michael A. Bernadicou . (408) 720-8598. 

(Name of Attorney or Agent) 
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I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



Full Name of Sole/First Inventor Anne E. Miller 





Inventor's Signature J^M^r^t f 'c^/jlaj^ Q a ^ e 

Residence Portland. Oregon Citizenship USA 




(City, State) (Country) 



Post Office Addres s 4383 NW Chanticleer Drive. Apt. D4 



Portland. Oregon 97229 



Full Name of Second/Joint Inventor A. Daniel Feller, 



Inventor's Signature ^fQ^UA J^S^Jy/iU Date z/jd/^J 

Residence Portland. Oregon Citizenship USA 



(City, State) (Country) 



Post Office Addres s 9690 S.W. Wilshire 



Portland. Oregon 97225 



Full Name of Third/Joint Inventor Kenneth C. Cadien 

Inventor's Signature C C^JZ-^ Date 3/**f//?41 



Residence Portland. Oregon Citizenship USA 



(City, State) (Country) 



Post Office Address 2880 126 th . Avenue 



Porland. Oregon 97229 
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Title 37, Code of Federal Regulations, Section 1 .56 
Duty to Disclose Information Material to Patentability 



(a) A patent by its very nature is affected with a public interest. The public interest is best served, 
and the most effective patent examination occurs when, at the time an application is being examined, the 
Office is aware of and evaluates the teachings of all information materia! to patentability. Each individual 
associated with the filing and prosecution of a patent application has a duty of candor and good faith in dealing 
with the Office, which includes a duty to disclose to the Office all information known to that individual to be 
material to patentability as defined in this section. The duty to disclosure information exists with respect to 
each pending claim until the claim is cancelled or withdrawn from consideration, or the application becomes 
abandoned. Information material to the patentability of a claim that is cancelled or withdrawn from 
consideration need not be submitted if the information is not material to the patentability of any claim remaining 
under consideration in the application. There is no duty to submit information which is not material to the 
patentability of any existing claim. The duty to disclosure al! information known to be material to patentability 
is deemed to be satisfied if all information known to be material to patentability of any claim issued in a patent 
was cited by the Office or submitted to the Office in the manner prescribed by §§1 .97(b)-(d) and 1 .98. 
However, no patent will be granted on an application in connection with which fraud on the Office was practiced 
or attempted or the duty of disclosure was violated through bad faith or intentional misconduct. The Office 
encourages applicants to carefully examine: 

(1) Prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) The closest information over which individuals associated with the filing or prosecution of a 
patent application believe any pending claim patentably defines, to make sure that any material information 
contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to 
information already of record or being made or record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of 
unpatentability of a claim; or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that a claim is 
unpatentable under the preponderance of evidence, burden-of-proof standard, giving each term in the claim its 
broadest reasonable construction consistent with the specification, and before any consideration is given to 
evidence which may be submitted in an attempt to establish a contrary conclusion of patentability. 

(c) Individuals associated with the filing or prosecution of a patent application within the 
meaning of this section are: 

(1 ) Each inventor named in the application; 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or prosecution of the 
application and who is associated with the inventor, with the assignee or with anyone to whom there is an 
obligation to assign the application. 

(d) Individuals other than the attorney, agent or inventor may comply with this section by 
disclosing information to the attorney, agent, or inventor. 
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